ABSTRACT A capillary discharge tube was used to record the Xe spectrum in the 400-5500 Å region. A set of 243 lines of the Xe vi spectrum was observed, and 146 of them were classified for the first time. For all known lines, we calculated the weighted oscillator strengths (gf ) and weighted transition probabilities (gA) using the configuration interaction in a relativistic Hartree-Fock approach. The energy matrix was calculated using energy parameters adjusted to fit the experimental energy levels. Core polarization effects were taken into account in our calculations. Experimental energy values and calculated lifetimes are also presented for a set of 88 levels. From these levels, 32 were classified for the first time and 33 had their values revised. Our analysis of the 5s5p5d and 5s5p6s configurations was extended in order to clarify discrepancies among previous works.
INTRODUCTION
Spectroscopic data of ionized xenon are relevant to several fields of research, such as astrophysics, plasma, laser and collision physics. Xenon is a very rare element in the cosmos, observed in chemically peculiar stars (Dworetsky et al. 2008; Cowley et al. 2010 ) and in planetary nebulae (Péquignot & Baluteau 1994; Sharpee et al. 2007; Sterling et al. 2009; Otsuka et al. 2010; Garcia et al. 2012; Otsuka & Tajitsu 2013) , but difficult to see in ordinary stars and not even detected in the sun. The xenon abundance in the interstellar medium is unknown. Spectroscopic data of xenon in intermediate ionization degrees-Xe ii to Xe vii-have been used to observe its abundance in cosmic objects. Recently, nine Xe vi lines were observed in the ultraviolet spectrum of the hot DO-type white dwarf RE 0503-289 (Werner et al. 2012) , in the first detection of xenon in this kind of star.
The ground-state configuration of five times ionized xenon (or Xe vi) is 5s 2 5p and it belongs to the In isoelectronic sequence. The line classification for this spectrum was studied for the first time by Fawcett et al. (1961) using a Zeta toroidal plasma as the light source. However, in 1980, a new experimental work was published by Fawcett & Bromage (1980) extending their analysis and classifying 11 transitions of the 5s 2 5p − 5s5p 2 array for the first time. In that year, Kernahan et al. (1980) published the first beam foil spectrum of Xe vi. Kaufman & Sugar (1987) used a spark gap discharge to study Xe vi in the National Bureau of Standards 10.7 m spectrographs, and presented very accurate wavelengths. Later, Tauheed et al. (1992) used triggered spark and beam-foil light sources to identify five Xe vi intercombination lines for the first time. Collision-based spectroscopy experiments were performed by Larsson et al. (1996) and Wang et al. (1996 Wang et al. ( , 1997a Wang et al. ( , 1997b to investigate the 5s 2 4f and N 6 configurations of Xe vi at Uppsala University. Sarmiento et al. (1999) performed the spectral analysis for the 5s5p5d, 5p 3 , and 5s5p6s configurations of Xe vi based on experiments conducted at the CIOp's laboratory, Argentina. Their results were not in agreement with the reported data from the subsequent paper on the same subject by Churilov & Joshi (2000) . Later, Reyna Almandos et al. (2001) used the data from Sarmiento et al. (1999) to support their spectral analysis, which only partially agreed with the analysis by Churilov & Joshi (2000) , publishing weighted oscillator strengths and lifetimes for this ion. Experimental results on energy levels and transitions were critically compiled by Saloman (2004) , rejecting the analysis of Sarmiento et al. (1999) and Reyna Almandos et al. (2001) in favor of the conclusions of Churilov & Joshi (2000) . An experimental and theoretical study of the radiative lifetime and oscillator strength in Xe vi, including corepolarization (CP) effects in the calculation, was performed by Biémont et al. (2005) .
We present this analysis in order to continue the study of the five times ionized Xe spectrum and to clarify some discrepancies that arose from previous studies. We used experimental data of the xenon spectrum covering the wavelength range 270-7000 Å for the UV-Visible region.
To support our analysis, we used data from the In I-like isoelectronic sequence for Sb iii to La ix that were extensively investigated at Dr. Joshi's laboratory at Saint Francis Xavier University, Antigonish, Canada (Tauheed et al. 1998; Gayasov & Joshi 1998 Tauheed et al. 1999 Tauheed et al. , 2000 .
We used the atomic structure package written by R. D. Cowan, described in The Theory of Atomic Structure and Spectra, TASS (1981) , for relativistic Hartree-Fock (HFR) calculations and for the least-squares adjustment of the energy parameters to fit the experimental energy levels. The adjusted parameters were used to obtain weighted oscillator strengths, weighted transition rates, and lifetimes. The effect of CP was tested for lifetime and transition probability calculations. We also revisited and extended the analysis of the 5s5p5d and 5s5p6s configurations in an attempt to clarify the discrepancies between previous works. A total of 32 new levels are proposed. Our work resulted in a new set of classified lines, 146 of which are observed for the first time, that helped us to understand this spectrum on a more complete and reliable basis.
EXPERIMENTAL DETAILS
The light source used in this work is a capillary discharge experimental set built at CIOp (Reyna Almandos et al. 2009 ), consisting of a Pyrex tube of length 100 cm and inner diameter 0.5 cm, in which the gas excitation is produced by discharging a bank of low-inductance capacitors ranging from 20 to 280 nF, charged with voltages up to 20 kV.
The wavelength range above 2100 Å was recorded on a 3.4 m Ebert plane-grating spectrograph, with a diffraction grating of 600 lines mm −1 , blazed for 5000 Å. The plate factor is 5.0 Å mm −1 in the first order. The Kodak 103a-O and Kodak 103a-F plates were used to record the spectra in the first, second, and third diffraction orders. Thorium lines from an electrodeless discharge were superimposed on the spectrograms and served as reference lines. The positions of spectral lines were determined visually by means of a rotating prism photoelectric semiautomatic Grant comparator. This measurement method allows detection of asymmetric lines, as the line contours are displayed on an oscilloscope screen. For sharp lines, the settings are reproducible to within ±1 μm. Wavelengths of the xenon spectral lines observed with the Ebert mounting spectrograph were determined by comparing them with interferometrically measured Th 232 wavelengths (Valero 1968) and with known lines of Xe ii and Xe iii (Hansen & Persson 1987; Persson et al. 1988) . A third-order interpolation formula was used to reduce comparator settings to wavelength values. Most of the spectral lines from this region used in the analysis were recorded in the third diffraction order. The accuracy of the thorium standard wavelength values used was on the order of 0.005 Å, and the determination of the overall wavelength values of lines presented in this work was estimated to be correct to ±0.01 Å in the region above 2100 Å.
In the wavelength range below 2100 Å light radiation emitted axially was analyzed using a 3 m normal incidence vacuum spectrograph with a concave diffraction grating of 1200 lines mm −1 , blazed for 1200 Å. The plate factor in the first order is 2.77 Å mm −1 . Kodak SWR and Ilford Q plates were used to record the spectra. C, N, O (Kelly 1987) , and known lines of xenon (Hansen & Persson 1987; Persson et al. 1988 ) served as internal wavelength standards. The uncertainty of the wavelength below 2100 Å was estimated to be ±0.02 Å.
To distinguish between different ionization states, we studied the behavior of the spectral line intensity as a function of pressure and discharge voltage. In our xenon spectrograms (Gallardo et al. 1995) , as the pressure decreases and/or voltage increases, higher ionic species tend to predominate, allowing the identification of different ionization degrees. By observing the behavior of the spectral lines and using known lines of Xe vi, we were able to distinguish the different ionic states of xenon spectra.
Energy level values derived from the observed lines were determined using an iterative procedure that takes into account the wave numbers of the lines, weighted by their estimated uncertainties. The uncertainty of the adjusted experimental energy level values was assumed to be lower than 2 cm −1 .
THEORY
The method used in the present work is the same as in our previous works (Pagan et al. 2011 and Raineri et al. 2012 ) for adjusted Hartree-Fock + Core Polarization calculations.
The definitions and the programs used here are described in "The Theory of Atomic Structure and Spectra," TASS (1981) by R. D. Cowan.
Atomic Structure and Transition Rates
In the present work, we used Cowan's atomic structure package to calculate the solution for relativistic HF equations including the configuration interaction (HFR, as defined in Section 14 of Chapter 7 and Chapter 13 of TASS) for Xe vi and for the studied ions of the isoelectronic In sequence. We adjusted the values of the energy parameters, i.e., the average configuration energy E av , the Coulomb integrals F k , G k and R k , and the spin-orbit parameters ζ nl (see Section 8-1 of TASS), as well as the coefficients of the expansion y γ βJ (see Equation (13.1) of TASS), to fit the experimental energy levels of Xe vi by means of a least-squares calculation (see Chapter 16 of TASS). With the adjusted values, we calculated the energy, lifetime, and composition of the levels, as well as the weighted transition probability rate gA and weighted oscillator strengths gf , as defined in Equations (14.33), (14.38) , and (14.42) of TASS.
Hartree-Fock + Core Polarization
We included the CP effects (see, for example, Curtis 2003) by simply replacing the dipole integral:
This is the same modification used by Quinet et al. (1999 Quinet et al. ( , 2002 and Biémont et al. (2000a Biémont et al. ( , 2000b to correct the transition matrix elements when including CP effects. In our case, the radial functions were obtained from the single configuration Hartree-Fock method with relativistic corrections and no modification was performed to include CP effects in the Hamiltonian. As suggested by Migdalek & Baylis (1978) , the CP approximately describes the core-valence correlation effects. Here we took into account the electronic correlation effects by using a large number of configurations in the energy matrix and, as pointed out in TASS (page 464), by scaling down the values of the Coulomb integrals by means of a least-squares adjustment. The values of α d for two different cores were obtained from Equation (17.42) of TASS. The cut-off radius r c , which defines the boundaries of the atomic core, is the average radius of the outermost core orbital. A detailed description of our CP calculations is provided in Section 4.2. 4d 9 5s5p5d 2 , 4f 5s5g, 4f 5s6d, 4f 5s6g, 4f 5s7s, 4f 5s7d, 4f 5s7g, 4f 5s7i, 4f 5s8s, 4f 5s8d, 4f 5s8g, 4f 5s8i, 5s5d6p, 5s5d6f, 5s5d6h, 5s5p7s, 5s5p7d, 5s5p7g, 5s5p7i, 5s5p8s, 5s5p8d, 5s5p8g, and 5s5p8i odd configurations and the  4f 5s5f, 4f 5s6p, 4d  9 5s  2 5p  2 , 4d  9 5s  2 5p5f, 4d  9 5s  2 5p6p,  5d  3 , 5d  2 5g, 5d  2 6s, 5d  2 6d, 5d  2 6g, 5d  2 7s, 5d  2 7d, 5d  2 7g,  5d  2 7i, 5d  2 8s, 5d  2 8d, 5d 2 8g, and 5d 2 8i even configurations for the same reason. We displaced all of the configuration average energies by the same amount, +19388 cm −1 , in order to set the ground state as the zero reference energy in our ab initio Hartree-Fock calculation.
Considering only the configurations with known experimental levels, the average purity for odd levels is 78% for LS and 70% for JJ coupling. For even parity, we found 93% for LS and 91% for JJ. Based on these findings, we designate all of the levels in the LS coupling scheme.
Least-squares Calculation
The results of the least-squares calculation are in Table 1 for odd parity and in Table 2 for even parity. In these calculations, we took into account the set of configurations described in the previous section to fit the energy parameters to the experimental energy levels.
We observed strong configuration interactions in both parities, even between configurations that have known levels and configurations that are unknown experimentally; this is the case for the 5s 2 6f − 5p 2 4f , 5s 2 8f − 5s5p5g, and 5s 2 8h − 5s5p5g interactions in odd parity and 5s 2 6d−5s4f 5p, 5s 2 7d−5s5p6p, 5s 2 6g − 5s5p5f , and 5s 2 8d − 5s5p5f in even parity. In a study of Xe vi lifetimes, Biémont et al. (2005) note their difficulty fitting the 6d experimental level in their least-squares calculation as caused by the 5s 2 6d − 5s4f 5p interaction. We solved this problem by fixing the configuration interaction (CI) integrals R 3 (4f, 5p; 5s, 6d) and R 1 (4f, 5p; 6d, 5s) at 80% of their Hartree-Fock values, which produced good agreement with experimental values. To adjust the 7f and 8h levels to their experimental values, it was necessary to fix the F 2 (4f, 5d) and F 4 (4f, 5d) of the 5s4f 5d configuration, which do not have observed energy levels, to 80% of their HFR values. We linked together CI integrals for 5s5p5d − 5s5d4f , resulting in a final adjustment to 65% of their HFR values. At the end of the leastsquares procedure, each of the remaining CI parameters present in the tables, one at a time, was left free to vary in order to minimize the standard deviation, and then it was fixed at the value found.
In our calculations, we found a standard deviation of 149 cm −1 for odd parity and 154 cm −1 for even parity.
Polarizability
We made the same choices as Biémont et al. (2005) to describe the core electrons. In their paper, the polarizability was considered for two different ion cores: one for 5s 2 nl − 5s 2 n l transitions, when the core has a [Kr]4d 10 5s 2 (Xe vii) structure, and the other for transitions that preserves the [Kr]4d
10 Cdlike (Xe ix) core. Before this study, the only value known for the polarizability of the [Kr]4d 10 core was that from Fraga & Muszyńska (1981) , that is, α = 0.88 a 3 0 . In this paper, we used values for the oscillator strengths f γ J ,γ J obtained from energy parameters adjusted to experimental energy levels, as described by Raineri et al. (2012) , to calculate the values of α in order to include the correlation effects between external electrons. We recalculated the polarizability on the basis of a set of 13 even and 63 odd configurations for Xe ix core, extending the Wang et al. (1996) , who fitted the semiempirical polarizability formula from Edlén (1964) to the 5s 2 nl (n = 5-8, l = 4-7) energy levels. We tried a different approach, considering a more complete description to take into account levels with excited 4d electrons, such as [Kr]4d 9 5s 2 np and 4d 9 nf 5s 2 , which have strong E1 transitions to the ground state. Using the same method as described above in this paragraph, this time with 8 even and 61 odd configurations including the Rydberg series for [Kr] 4d 10 (5s np+5p ns) and [Kr]4d 9 5s 2 (np +nf ), we obtained α = 5.80 a 3 0 . We used r c = 0.86a 0 (4d) for the Xe ix core and r c = 1.69a 0 (5s) for the Xe vii core.
Transition Rates, Oscillator Strengths, and Lifetimes
We calculated the weighted transition rates (gA), the weighted oscillator strengths, and the cancellation factors using the HFR method with and without taking into account CP effects. When considering CP, we used α = 0.99a 3 0 for transitions with the Xe ix core and α = 5.80a 3 0 for transitions with the Xe vii core, as proposed above. Table 3 shows our results for the calculated values. The values for gA differ by approximately 28% when the calculations with and without CP are compared. We compared our results for lifetimes with the experimental data from Biémont et al. (2005) , as can be seen in Table 4 . Among the 10 cases where experimental data are available, the results are better for calculations with CP in 8 cases. When we compared lifetimes obtained using α = 4.52a 3 0 , as considered by Biémont et al., and those obtained with α = 5.80a 3 0 for the Xe vii core, both calculations showed similar results. Table 3 shows the set of 243 lines observed in our experiments, 146 of which were determined for the first time. Another 37 lines, from Larsson et al. (1996) , Wang et al. (1996) , and Wang et al. (1997a) , are shown with revised wavelengths as we measured them with a lower uncertainty. Observed line intensities given in this table are visual estimates of the blackening of the photographic plates. They do not take into account changes of sensitivity of our registration setup (including photographic plates and development process) with wavelength.
ANALYSIS
Prior to this work, a number of levels belonging to configurations 5s5p 2 and 5p 3 , as well as 5s 2 nl up to n = 8, were known. Configurations 5s5p5d and 5s5p6s have also been studied, but authors (Sarmiento et al. 1999 , Reyna Almandos et al. (2001 on the one side, and Churilov & Joshi 2000 on the other) disagreed on their conclusions about levels and lines. Table 4 has a complete list of the 88 levels that were classified, described in the LS coupling scheme. In this paper, we revised 33 previously known energy levels. Levels with improved values were considered "revised," and those classified for the first time were considered "new" identifications. We also considered as "new" those levels that we reclassified from a set of lines completely different from the set of the previous classification, producing a significantly new energy value.
Complex n = 5
The starting point for our analysis was the 5s 2 5p, 5s5p 2 , and 5s 2 5d levels, as classified by Kaufman & Sugar (1987) , Tauheed et al. (1992) , and Churilov & Joshi (2000) . This is a reliable set of levels determined from wavelengths measured with an uncertainty of only 0.005 Å. Other n = 5 complex levels studied here belong to the 5p 3 , 5s 2 (5f, 5g), and 5s5p5d configurations.
The level at 232585.5 cm −1 , formerly classified as 5p 34 S 3/2 by Sarmiento et al. (1999) , has now been reclassified as 2 D 3/2 . We also changed the levels 5p 3 2 D 5/2 and 2 P 1/2 , previously identified by only three lines (Churilov & Joshi 2000) , to the new values of 240517 cm −1 and 261029 cm −1 , respectively, based on eight new lines.
The 5s 2 5f levels were first classified by Wang et al. (1996 Wang et al. ( , 1997b . This identification was rejected by Churilov & Joshi (2000) on the basis of three lines at 659.849, 668.948, and 671.357 Å. In agreement with Churilov & Joshi (2000) , Saloman (2004) reclassified another line, previously observed by Reyna Almandos et al. (2001) at 494.97 Å, as a 5s5p 2 − 5f transition. In the present work, we revise this level assignment based on six lines corresponding to transitions with the 5d, 5g, and 6g levels. It turned out that our level classification is in agreement with the original values by Wang et al. (1996 Wang et al. ( , 1997b . Saloman (2004) . ‡ For conversion from air wavelength to vacuum we used the dispersion formula from Edlén (1966) . Biémont et al., Eur. Phys. J. D 33, 181-191 (2005) . d Levels in square brackets not considered in the least-squares adjustment. e References: (1) Kaufman & Sugar 1987; (2) Tauheed et al. 1992; (3) Larsson et al. 1996; (4) Wang et al. 1996; (5) Wang et al. 1997a ; (7) Churilov & Joshi 2000. The 5s 2 5g 2 G levels were classified by Wang et al. (1996) based on three lines, each with double classification. We were able to resolve two pairs of transitions corresponding to the lines previously measured at 1975.2 Å and 1251.4 Å. Here, the analysis of those levels counted on a total of 12 lines-9 more than previously known.
Configurations 5s
24 f and 5s4f 5p
Levels 5s 2 4f were identified by Larsson et al. (1996) and by Wang et al. (1996) based on nine lines measured with an uncertainty in the interval 0.5-1.0 Å and we confirmed all their identifications. Experimental levels of the 5s4f 5p configuration appeared in the analysis of Cs vii (Gayasov & Joshi 1999) , Ba viii , La ix (Gayasov & Joshi 1998; , and Ce x ), but they have not been observed in Xe vi and other members of the isoelectronic sequence. This seems to be an important configuration for the future extension of the Xe vi analysis, since its levels are in the interval 258-328 10 3 cm −1 (273-343.5 10 3 cm −1 according to Biémont et al. 2005) , between the 5s 2 6s and 5s 2 6d configurations. In fact, the levels 5s 2 6d interact strongly with the 5s4f ( 3 F )5p 2 D levels, an effect previously noted by Biémont et al. (2005) . From our study of the isoelectronic sequence, we expect the resonant 5s4f 5p lines to lie in the interval 300-400 Å.
Configurations with n 6
The lines at 597. 07, 657.81, 709.33, 776.28, and 1165.86 Å, classified by Reyna Almandos et al. (2001) and reclassified by Saloman (2004) as transitions with n 6 levels, were not confirmed in the present work. The exception was the line at 687.59 Å, reclassified by Saloman (2004) as 5s5p 22 D 3/2 − 5s 2 6p 2 P 3/2 and confirmed here. We resolved the line at 2798.1 ± 0.8 Å, identified by Wang et al. (1997a) , as the superposition of the 5s 2 6d 2 D 3/2 − 5s 2 7p 2 P 1/2 and 5s 2 6d 2 D 5/2 − 5s 2 7p 2 P 3/2 transitions, which we measured as two separate lines at 2798.03 Å and 2798.58 Å. This measurement allowed us to correct the energy of the level 5s 2 6d 2 D 3/2 to 338220 cm −1 , and to reject the line at 1359.8 Å, replacing it by a new line which we observed at 1363.66 Å.
The line 2530.6 Å (at 2531.4 Å in vacuum) classified by Wang et al. (1997a) as the 5s 2 7p 2 P 1/2 − 5s 2 8s 2 S 1/2 transition, had its wavelength revised to 2530.47 Å, and was reclassified here as the 5s5p( 1 P )6s 2 P 3/2 -5s 2 7d 2 D 5/2 transition. We did not confirm any of the four lines previously used to define the 5s 2 7d levels by Wang et al. (1997a) , or the line 776.28 Å observed by Reyna Almandos et al. (2001) and later reclassified by Saloman (2004) . Instead, we located 16 lines, all but one of which were classified for the first time.
The levels of the configuration 5s 2 7h were first determined by Wang et al. (1996) based on two doubly classified lines. We confirmed their identifications and improved the accuracy of their measurements by resolving the blended line at 1251.4 Å as two lines at 1251.50 and 1253.25 Å, and identifying a line at 5151.79 Å for the first time.
The level 5s 2 8s was previously classified by Wang et al. (1997a) on the basis of four transitions to 5s 2 6p and 5s 2 7p levels. We do not confirm any of them. Instead, we found five new lines that redefined the 5s 2 8s level 97 cm −1 below its previous value.
Configuration 5s5p5d
From this point on, we will abbreviate Churilov & Joshi (2000) to C&J, and use spd as shorthand for 5s5p5d in the level identification.
The first identification of the 5s5p5d levels was by Sarmiento et al. (1999) , but their analysis was entirely rejected by C&J based on 38 lines. The paper of Reyna Almandos et al. (2001) , containing the full list of lines used by Sarmiento et al. (1999) , had not been published at the time of the C&J analysis, and therefore they could not take it into account. Later, Saloman (2004) judged the C&J analysis to be preferable, and their lines and levels are present in the current version of the Atomic Spectra Database of the National Institute of Standards and Technology (Kramida et al. 2014) . Saloman (2004) also reclassified 11 lines from the work of Reyna Almandos et al. (2001) , 7 of which were initially identified as transitions with the 5s5p5d configuration. We rejected all but two of those lines, now classified as indicated in Table 3 where they are marked with the symbol †. None of the levels classified by Sarmiento et al. (1999) were confirmed in our analysis.
In the present work, we revised the energy levels of the 5s5p5d configuration based on 96 lines, 78 of which were classified for the first time. This allowed us to confirm 4, revise 1, and reject 15 of the levels found by C&J, as well as to classify 22 of the 23 levels of this configuration.
The isoelectronic sequence for the difference between observed and calculated energy levels of 5s5p5d is shown in Figure 1 . Values from C&J are plotted only if available and visually distinguishable. As we can see, the sequences do not show a very clear regularity, mainly because of the relative change in level positions as a function of the ionization degree. This variation can be attributed to the changes in eigenvector composition, and to the ability of the different coupling schemes to adequately describe the systems as we progress along the isoelectronic sequence.
As is apparent in Table 1 , there are strong interactions between the 5s5p5d and 5p 3 configurations. Furthermore, the CI integrals corresponding to 5s5p5d − 5s 2 5f and 5s5p5d − 5s5p6s have significant values. These configurations are present in the percentage composition of the spd( 3 P ) 2 F 5/2 , 2 D 5/2 , 2 P 1/2 , and 4 P 3/2 and spd( 1 P ) 2 F 7/2 , 2 F 5/2 , 2 D 3/2 , 2 D 5/2 , 2 P 1/2 , and 2 P 3/2 energy levels shown in Table 4 . Usually, level classification is performed based on line combinations, line intensity predictions, isoelectronic trends, and the quality of the least-squares fit to experimental levels. However, in this work, we could not always meet all of these criteria simultaneously. In some cases, we had to choose whether to classify levels based on a single strong transition, or based on many lines displaying good wavelength agreement as well as good least-squares fitting. In this regard, the fact that there are no other configurations with unknown levels in the region where 5s5p5d lies, except the 5s5p6s which we will discuss below, was considered in our analysis to be a point in favor of the second option.
5s5p( 3 P )5d Levels
The isoelectronic trend displayed a sharp edge at Xe vi for the spd( 3 P ) 4 F levels, hampering the usage of this resource in our analysis. We corroborated the classification of the level spd( 3 P ) 4 F 5/2 by C&J with the identification of two new lines. However, the line at 616.650 Å, classified by C&J as the 5s5p 24 P 3/2 − spd( 3 P ) 4 F 5/2 transition appeared in our 
spectrograms as Xe vii or viii (i.e., it appeared only in experiments where more energy is available than in those where Xe vi usually appears), and was therefore rejected. In addition, we classified the spd( 3 P ) 4 F 3/2 level based on five new lines. In the 5s5p5d configuration, the only level that remains unknown is the ( 3 P ) 4 F 9/2 level, for which our estimated value is 275328 cm −1 , as obtained by least-squares fitting. The two lines used by C&J to identify the spd( 3 P ) 4 F 7/2 level appeared in our spectrograms with an unclear ionic assignment. To establish that level, we propose to replace these lines by a set of four new lines that have intensities at different excitation conditions consistent with an Xe vi assignment in our spectrograms.
We rejected all of the spd( 3 P ) 4 D levels previously classified by C&J. In their analysis, all of these but spd( 3 P ) 4 D 5/2 were determined on the basis of just 1 transition per level, whereas we could identify a total of 12 new lines. All of the stronger transitions predicted by the theory are present in our spectrograms. For the J = 5/2 level, both C&J and ourselves identified the same group of three transitions with the 5s5p 2 configuration but with different wavelengths. In this case, our lines produced a better least-squares fit for our set of levels. In addition to the revisions mentioned above, we also rejected the reclassification of the lines 776.28, 971.52, and 637.67 Å originally observed by Reyna Almandos et al. (2001), ( 1 P )6s 2 P , (Center) 5s5p( 3 P )6s 2 P , (Right) 5s5p( 3 P )6s 4 P . The value for 5s5p( 3 P )6s 4 P 5/2 is our new questionable identification.
as published by Saloman (2004) . Only the line 637.67 Å, which was reassigned in this work to the 5s5p 22 D 5/2 − spd( 3 P ) 2 D 3/2 transition, remains in our list of wavelengths. We confirmed the classification of level spd( 3 P ) 4 P 5/2 with help of two new lines, but rejected the previous spd( 3 P ) 4 P 1/2 classification by C&J. For this level, they used only one line, supposedly corresponding to the highest value of gA, for a transition from this level. Our choice led to the identification of a level approximately 100 cm −1 above the previous value, and was based on the fact that our spectrograms showed four new lines that we could identify as transitions to the 5s5p 2 configuration. We were also able to find the spd( 3 P ) 4 P 3/2 level based on five new lines, only 60 cm −1 away from the value predicted by C&J in their least-squares calculation. The isoelectronic trend is very smooth for the three levels of this multiplet, as can be seen in Figure 1 .
We confirmed the identification by C&J for the level spd( 3 P ) 2 F 5/2 , and added five other lines to those previously identified. However, the line at 564.466 Å, used by C&J to determine this level, appears on our plates as an Xe v line. For the other level of the doublet (J = 7/2), the strong line at 584.761 Å classified by C&J seems to be an Xe VIII or IX line in our spectrograms. We therefore propose a new energy value for this level based on three newly observed lines. In both cases, the isoelectronic sequence shows a smooth trend and our values are very close to those obtained by C&J.
We agreed with the classification for spd( 3 P ) 2 D 5/2 proposed by C&J based on only one line, and improved its energy value with the observation of three new lines. In addition, we reclassified the line at 598.211 Å, previously classified by C&J as 5s5p 22 P 3/2 − spd( 1 P ) 2 P 3/2 , as corresponding to the 5s5p 22 D 3/2 − spd( 3 P ) 2 D 5/2 transition. One reclassified line from Reyna Almandos et al. (2001) and six new lines support our analysis of the spd( 3 P ) 2 D 3/2 level, on the basis of which we rejected the choice of C&J for this level, which relied on a single transition.
The new energy values that we proposed for the spd( 3 P ) 2 P levels to replace the values found by C&J are based on a set of 13 lines, some of which are from the reclassified level spd( 3 P ) 2 P 1/2 previously identified (Reyna Almandos et al. 2001) as 5s5p( 3 P )6s 4 P 3/2 , and some of which are new. Thus, our identifications are much more reliable than the previous ones by C&J, which were based on just one transition per level. The same conclusion emerges from our analysis of spd( 3 P ) 2 P 1/2 isoelectronic trend, as we can see in Figure 1 .
5s5p( 1 P )5d Levels
We found a second transition with the spd( 1 P ) 2 F 7/2 level proposed by C&J, confirming their identification. We also found four new lines that set the spd( 1 P ) 2 F 5/2 level at 316868 cm −1 , replacing the level found by C&J based on only one line.
We did not observe the pair of lines used by C&J to define the spd 323343 3/2 level (notation from C&J), leaving no other alternative for us but to reject their classification. In its place, we identified four new Xe vi lines that shift the level to less than 30 cm −1 above the previous value for spd( 1 P ) 2 D 3/2 . While we did not identify the line at 705.528 Å as Xe vi, we considered another set of lines for spd( 1 P ) 2 D 5/2 from the reclassification of the level spd( 1 P ) 2 D 3/2 previously classified by Reyna Almandos et al. (2001) , in addition to two new transitions with the 5s5p 2 and 5s 2 7d configurations, moving the spd( 1 P ) 2 D 5/2 level to 323772 cm −1 . The strong line at 606.310 Å, previously classified by C&J as 5s5p 22 P 3/2 − spd( 1 P ) 2 D 5/2 , was reclassified in the present work as 5s5p 22 P 3/2 − spd( 1 P ) 2 P 1/2 . The new value for the spd( 1 P ) 2 P 1/2 energy level is based on two lines. We did not find the lines at 598.211 and 694.590 Å in our spectrograms, and we identified the line at 594.246 Å as an Xe viii line. Therefore, we reclassified the spd( 1 P ) 2 P 3/2 level based on six new lines, displacing the energy level by 56 cm −1 from the value predicted by C&J. Finally, we reclassified the spd( 1 P ) 2 D 3/2 based on four lines instead of the two lines previously used by C&J.
Configuration 5s5p6s
Prior to this work, only three levels, determined from six lines, were known for the 5s5p6s configuration (Sarmiento et al. 1999; Reyna Almandos et al. 2001 ). However, we had to reject all of these values. We present a new analysis for the 5s5p6s configuration based on 19 lines. All but one of these are new classifications. The isoelectronic trend for these levels is shown in Figure 2 , in which we see the same discontinuities as found in the 5s5p5d configuration, and for the same reasons, as explained in Section 5.4. For the 5s5p6s configuration, there is significant mixing for the 2 P 1/2 and 2 P 3/2 energy levels between the 5s5p( 1 P )6s and 5s 2 7p configurations, as shown in Table 4 .
This configuration exhibits strong mixing with 5s5p5d, especially between the 5s5p( 3 P )6s 4 P 3/2 and spd( 1 P ) 2 D 3/2 levels at 321637 cm −1 and 323370 cm −1 , respectively. In both cases, the 5s5p( 3 P )6s 4 P 3/2 component is dominant, and so the classification could actually be reversed.
We found all but the 5s5p( 3 P )6s 4 P 5/2 level of the 5s5p6s configuration. For this level, we did find a possible classification, but doubts remain about it. On the one hand, the experimental value found, 337032 cm −1 , agrees well with the fitted value from the least-squares calculation, differing by only 30 cm −1 . However, on the other hand, this energy value displaces Xe vi from the isoelectronic trend by about 2350 cm −1 -too far off to consider this classification as reliable. For this reason, we left this level and the corresponding lines (at 435.08 and 562.05 Å) out of our tables.
DISCUSSION
The Xe vi analysis has been difficult because of the strong mixing of level composition and the non-smooth behavior of the structure, which together result in changes in level positions and composition along the isoelectronic sequence. In this work, nine lines in the visible region and a number of ultraviolet lines were identified for the first time, which can be helpful to support future analysis of spectra of cosmic objects. All Xe vi lines recently observed in the spectrum of the hot DO-type white dwarf RE 0503-289 by Werner et al. (2012) were confirmed. This work has doubled the spectral information concerning this ion.
